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ABSTRACT 
ROAD BASE CONSTRUCTION 
UTILIZ ING COAL WASTE MATERIALS 
David Hunsucker, Gary W. Sharpe, 
Jerry G. Rose, and Robert C. Deen 
The paper describes the development and implementation of a no­
cement concrete mixture containing pulverized fuel ash (PVA) and 
atmospheric fluidized bed combustion (AFBC) by-products as the 
cementitious components for combination with conventional 
limestone aggregates used as bulk filler. The paper presents a 
summary of laboratory evaluations and the application of those 
results to the design of a base for roadway construction. The 
p a p e r  a l s o  d e s c r i b e s  the const r u c t i o n ,  evaluation, and 
performance of a pilot application of this material used as a 
base for a thin bituminous pavement. 
The paper describes laboratory investigations aimed at optimizing 
pr e-conditioning procedures and component proportioning o f  
materials. Evaluations involved determinations o f  physical 
properties (unit weights, compressive strengths, etc,) of the 
components and concrete mixtures. 
Test sections were constructed in 1985: a) a 50-foot section 
c on s i s t i n g  of a blend of p u l v e r i z e d  f u el a s h ,  atm ospheric 
fluidized b e d  c o mbustion waste, and l i mestone aggregate 
constructed to a nominal thickness of 6 inches and overlaid with 
a nominal 3 inches of asphaltic concrete, and b) an adjacent 100-
foot section constructed of the same materials but with a small 
proportion of cement substituted for a portion of the crushed 
limestone aggregate. Results of periodic testing and performance 
evaluations are described and include coring and destructive 
evaluation of cores to determine compressive strengths of the 
base material, dynamic deflection testing for evaluation of the 
overall structural integrity of the pavement structure, and 
visual condition surveys to document pavement performance in 
terms of observable distresses such as rutting and cracking. 
The optimum PVA-AFBC-LIMESTONE AGGREGATE mixture appears to be 
useable as a roadbase material. To date, test sections have 
performed admirably with no cracking or deterioration observed, 
The roadbase mixture appears marginally as strong as typical 
concrete but has a higher elastic modulus and is more brittle 
than typical concrete and other conventional "rigid" base 
materials. The P VA -AFBC -L IMESTONE concrete expands slightly, 
potentially reducing shrinkage cracking typically associated with 
other "rigid" base materials. Field evaluations thus far have 
confirmed these observations. 
ROAD BASE CONSTRUCTION 
UTILIZING COAL WASTE MATERIALS 
David Hunsucker, Gary W. Sharpe, 
Jerry G. Rose, and Robert c. Deen 
INTRODUCTION 
Kentucky typically ranks among the top two or three states in 
coal production. Coal fields of eastern Kentucky produce low­
sulfur bituminous coals. Western Kentucky coal fields produce a 
hig h-sulfur variety of bituminous coal. Coal-fired electric 
generating facilities are abundant in Kentucky. As a result, by­
products in the form of fly ash, flue gas desulfurization sludge, 
boiler slag, and bottom ash are generated in large quantities. 
Approximately 3 million tons of fly ash are produced annually 
from Kentucky power plants. Additionally, approximately 1-1/2 
million tons of bottom ash and boiler slag are produced annually 
(1 ) .  Pr oduction of flue gas desulfurization sludge (scrubber 
sludge) also is increasing with increasing use of scrubbers for 
pollution control for power plants burning high-sulfur coal. Fly 
a s h  h a s  b e e n  u s e d  w i t h  l i m e  ( a n d  b y - p r o d u c t l i m e) f o r  
stabilization of soil and aggregate bases. Fly ash is used in 
portland cement concretes for a variety of purposes. Scrubber 
sludge and bottom ash also have been used in the construction of 
roadway subbases (2, 3). 
Recently, the concept of a fluidized bed combustion process has 
been refined to permit the clean burning of high-sulfur coal. 
Atmospheric Fluidized Bed Combustion (A FBC) is an advanced 
combustion process that provides a method of burning high-sulfur 
coal economically and in an environmentally acceptable manner. 
AFBC is a process wherein coal is burned in a fluidized bed of 
fine limestone particles. Air is passed through the bed from 
below and a fire, fed by oil or other fuel, is injected into the 
the bed to heat the coal to ignition temperature. Sulfur dioxide, 
an undesirable by-product, is captured by calcium oxide formed 
from the limestone to produce calcium sulfate as a by-product. 
Coal ash and spent limestone are removed from the bottom of the 
bed. The dry lime and calcium sulfate by-product may be disposed 
of by conventional methods. Studies indicate the by-product is 
useful as an agricultural supplement, roadbase filler, or cement 
additive (1, 4). 
The by-product residue contains appreciable amounts of free lime. 
Because of this available free lime, residue from the AFBC 
process, when mixed with fly ash from conventional coal-burning 
plants, has cement-like properties. Those mixtures have the 
l 
apparent potential to be used in a variety of applications where 
a l o w e r  strength concrete is s u i t a b l e ,  including u s e  a s  a 
roadbase material. This paper describes a pilot application 
involving the use of a blend of A FBC residue, fly ash, and 
aggregate as a roadbase and documents the construction and short­
term performance of a section of pavement constructed on a n  
access road on Tennessee Valley Authority (TVA) property. 
In July 1985, representatives of the Kentucky Transportation 
Research Program (KTRP) and Civil Engineering Department of the 
University of Kentucky and the Kentucky Transportation Cabinet 
met with representatives of TVA to discuss potential applications 
of the AFBC residue in highway construction. TVA representatives 
expressed an interest in an evaluation of a trial installation 
located at the TVA Shawnee Power Plant. 
DESIGN 
Investigations of potential applications for fluidized bed 
combustion processes (1, 4) were used to estimate the expected 
structural properties for the proposed base sections. Very little 
information was available concerning expected traffic volumes or 
vehicle loadings expected on the access road. Experience with the 
use o f  fly a s h - l i m e-aggregate b a s e s  ( 5 )  have i n d i c a t e d  
satisfactory short-term performance for rigid base thicknesses 
between 6 and 10 inches with a cover of 2 to 4 inches asphaltic 
concrete, respectively. Analyses of those sections formed the 
basis for design of an experimental subbase using AFBC residue, 
fly ash, and aggregate. A thickness design of 3 inches asphaltic 
concrete and 6 inches AFBC concrete was proposed. Preliminary 
results of research (1, 4) were used to determine the proportions 
for the AFBC concrete mixture. Afterwards, it was determined the 
proportions were not optimum. Actual mixture proportions and 
optimum mixture proportions are presented in Table 1. Weights 
used to proportion experimental mixtures also are presented. 
PRE-CONSTRUCTION 
The proposed installation was a road base on an access road at 
the TVA Shawnee Power Plant off KY 996 near Paducah, Kentucky. 
On Monday, October 28, residue from the AFBC process was pre­
hydrated at the Federal Materials Corporation's concrete hatching 
plant located on the I-24 Business Loop in Paducah. The pre­
hydration process involved adding approximately 10 to 12 percent 
water by weight to the AFBC residue and mixing in a central 
hatching unit for 5 to 7 minutes. The heat generated during pre­
hydration produced temperatures in excess of 250 F. Because of a 
heavy rainfall, construction was delayed for a week. 
The following observations were made during a pre-construction 
site inspection: 
a) The experimental test section extended from Station 
2 
b) 
18+50 to Station 20+00, a total distance of 150 feet. 
Station 20+0 0 is located 58.5 feet South from the 
corner of an existing chain link fence. Station 19+0 0 
is identified by a yellow post in the fence and is the 
division line between the section containing cement and 
the section not containing cement. 
T h e  roadway was 2 0  f e e t  w i d e ,  
shoulders of dense-graded aggregate 
depth and 4 feet in width. 
h a ving compacted 
(DGA) 6 inches in 
c) The subbase had been excavated an average of eight 
inches between Stations 19+00 and 18+50. The remainder 
was scarified and compacted. In the excavated area, 
p articularly near Station 18+50 and near the road's 
e d g e s ,  there were a p p a r e n t  v i s u a l  indications o f  
excavation of the subbase to the subgrade. 
d) Construction equipment used for this project included 
the following: 
1) asphalt spreader - - - - - Blaw-Knox P F-35 Paver 
2) road grader - - - Galion 503, Series A 
3) bulldozer - - - - - - Case 450 
4) smooth-wheel vibratory roller- CA-20 Vibro Plus 
5) small backhoe 
CONSTRUCTION 
Construction of the experimental base began Tuesday morning, 
November 5, 1985. The material was end d umped beginning at 
Station 2 0 + 0 0  and proceeding to Station 18+50. The following 
o b s e r v a t i o n s  w e r e  m a d e  d u r i n g  t h e  c o n s t r u c t i o n  o f  t h e  
experimental road base: 
a) A total of 12 loads were delivered to the site (an average 
o f  8 c u b i c  yards per l o a d ) . T h e  t o t a l  volume of A FB C  
concrete was estimated as 96 cubic yards. 
b) The first load arrived at 8: 30 am CST. The mix was dumped 
into the hopper of the Blaw-Knox PF-35 paver. The mix did 
not flow through the paver and the back hoe was then used to 
dig the material out of the hopper of the paving machine. 
c) The Galion 50 3, Series A road grader was used withou t  
success to spread the material. The Case 450 bulldozer then 
was used to spread the material. 
d) Each successive load appeared a little wetter than the 
previous load. The seventh load was dryer and not very well 
mixed .. 
e) Eight loads of the mixture containing cement were back 
d umped and spread by the bulldozer from Station 20+0 0 to 
Station 19+00. Four loads containing no cement were placed 
3 
in the remaining 50 feet of the section (see Table 1). 
f) Three of the last six loads displayed obvious segregation. 
Those loads appeared to be the driest ones delivered to the 
job site. Drivers had pre-wetted truck beds to make dumping 
easier, resulting in soggy material on the bottom of the 
load. 
g) Since the material was so wet, no compaction was attempted 
on T11esday. An attempt was made toward the end of the day to 
roll the first area placed. The vibratory roller bogged down 
and the bulldozer was used to pull it aside. 
h) Samples were obtained by KTRP personnel from the first and 
third loads (containing cement) and cylindrical specimens 
were compacted for compressive strength testing. Cylindrical 
specimens also were made from the ninth and tenth loads 
(containing no cement). 
i) A tack-coat was applied after compaction to retain moisture. 
Asphaltic leveling and surface courses were applied the 
following day. 
POST-CONSTRUCTION ANALYSES 
Laboratory Analyses 
Laboratory studies included determination of the optimum moisture 
content of the mixture and determinations of the compressive 
strength and elastic modulus of each specimen. Several tests for 
optimum moisture content for each mix design were completed. 
R e s u l t s  v a ried for each of the m i x e s .  A r a n g e  of moisture 
contents from 7 .5 to 1 1.0 percent for the mix containing cement 
and 7.0 to 10.8 for the mix containing no cement were obtained. A 
typical moisture/density relationship is shown in Figure 1. 
Compressive strength testing in accordance with ASTM C-39 has 
been conducted on all field and laboratory test specimens. 
Static chord modulus of elasticity were computed in accordance 
with ASTM C-469 (see Table 2). 
Field Evaluations 
Deflection tests were conducted with the Model 400 B Road Rater 
on April 28 and on December 1 1, 1986, and representative cores of 
the experimental base were obtained. The Road Rater is a dynamic 
pavement testing device capable of applying variable dynamic 
loads of 600 lbf and 1 ,200 lbf.Responses are determined by 
velocity t r a n s d u c e rs w h e r e i n  t he s i g n a l s  of t h e  velocity 
transducers are electronically integrated to give displacement or 
deflection under the applied dynamic load. For this series of 
tests, velocity transducers (sensors) were located at the 
following radii from the point of application of the load: Sensor 
No. 1 -- 5.25 inches, Sensor No. 2 -- 13.10 inches, Sensor No. 3 
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!!!!HilL 
!II 10. 1 
IIIIa) (lbs) 
!II 10. 2 
1111•1 (!bs) 
OPII!D! 
!II 10. 2 
llllbl ____________ _ 
-----------------------------------------------------------
Ceoent (c) 1.5 60 
!17 asb 8.4 340 
Crushed stone (d) 50.! !,060 
I!BC residue 33.3 .1,350 
Water 6-10 
(a) Percent b7 total ,.igbt 
(b) Percent by dr1 ,.igbt 
(c) !m III portland ceoent 
(d) !o. 5! stone 
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0.0 0 0. 0 
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Figure 1. Typical Moisture-Density Curve 
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lAlLi 2, lliLD !MD L!BOR!IORY SPiCI!iMS 
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
!OISTURi OMIT CU!PR!SS!Vi IL!S!IC CURING 
!'t.-GOMtiMT--wtfGIIr--SIRIIGIII-IIODU&US6 COMD!IfO 
SPICI!iM MO. (I) (pel) (poi) (poi 1 In I m !OTIS 
----�------------------------------------------------------------------------
!IILD SPICI!EMS CO!P!C!ID !I lilLO !OIS!URI CO!!IM!S 
!I-2 1 116.2 2,255 o.so Albient cure for 
28 dm 
!1-3 113,0 2,175 0, 72 Albient cure for 
28 daJB 
!H 112,8 2,825 0,85 Albient cure for 
28 d"' 
!H 111.2 2,675 ), 00 Albient cure for 
28 dm 
!1-6 139,0 2,925 ), 00 Atbient core for 
28 d8!B 
Average 113.0 2,570 0.83 
!3-1 138,5 3,265 0' 95 Oven core 8 100 ! 
for 28 d8!B 
!3-2 13!.9 3,315 0, 95 Oven cure i 100 r 
for 28 daJB 
!3-3 135,2 3,890 1.20 Om core 8 100 ! 
for 28 days 
Average 136.5 3,500 ), 03 
!-19 137.8 1,375 0, IS bbient cure for 
28 dm 
!-110 137.2 1,580 0, 56 Atbient cure for 
28 days 
he rage 131.5 1,180 0.50 
L!BOR!!ORY SPiCI!iMS CO!!!IMIMG Ci!IM! 
L!-1 1 5.i 113,7 915 0,18 Om core 8 100 ! 
for 28 d"' 
L!-2 5,9 129.0 530 0,)5 Oven cure 8 100 ! 
for 28 days 
L!-3 5,9 132,1 975 0, 31 Oven core ! 100 ! 
for 28 days 
L!-1 5,9 137.9 1,090 0.37 Albient cure for 
I d8!B, ooated iD 
saturated li1e 
tater for 21 days 
L!-5 5,9 130, I 880 0,32 bbient cure for 
28 dayo 
L!-6 5,9 116,0 1,100 0.17 bbient cure for 
28 days 
L!l-1 5,9 125,1 510 0.01 Om me! 100 !, 
for 1 days, sealed 
in tin can 
L!I-2 5, 9 121.9 160 0.03 Dm core 8 100 !, 
for 7 days, sealed 
in tin can 
----------------------------------��-----------------�-----------------------
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!!BL! 2. fi!LD !MD LABORATORY SPICI!i!S (continued) 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
IOISIORI D!IT 
III CO!!IMT M!IGHT 
SPICII!H MO. (II (pel) 
COIPRISSiii IL!STIC 
S!RIMGTH IODDLDS
6 
(psi) {psi 1 10 I 
CDRIHG 
COHDIIIOHS 
AND MOllS 
-----------------------------------------------------------------------------
,�- - - - - - - - - --- - - -- - - ->A�Oili;IOBt-SP!Ct!!�OMT!Itlll:-!o-Cii!M 
LB-1 2 6.9 136.5 615 0.16 Oven cure t 100 ¥ 
for 7 days 
LB-2 6.9 110.6 940 0. 31 Om cure I 100 I 
for T days 
LB-3 6. 9 110.6 m 0.24 Oven cure t 100 I 
for 7 daJs 
LB-4 6.9 116.3 2,!25 0. 78 !lbient cure for 
for 28 days 
LB-5 6. 9 148.0 2,345 0. 72 bbient cure for 
28 daJs 
LB-6 6. 9 115.8 1,955 0. 74 A1bient cure for 
28 da7s 
LBH 6.9 135.8 1,860 0.30 Oven cure I IOU r 
for 1 days, sealed 
in tin can 
LBH 6. 9 135.6 1,230 0. 24 Oven core I 100 I 
for 1 days, sealed 
in tin can 
LB!-3 6.9 129.2 990 0.27 Om cure I 100 I 
for 1 days, tlealed 
in tin can 
LABORATORY SPICI!IHS COMT!IMI!G Ci!i!T COIP!CTID AT HIGH IOISTDBI COiliMTS 
N!-1 1 11.4 114.7 110 0.31 Oven cure t 100 r 
for 7 days 
M!-2 17.4 144.6 110 0.50 Om cure I 100 r 
for 7 days 
N!-3 11.4 147.5 730 0.42 Oven cure t 100 f 
lor 1 da1s 
NH 11.4 138.6 2,695 0.89 A1bient cure for 
28 d&JS 
M!-5 17.4 131.5 1 '125 0.47 Albient cure for 
28 days 
N!-6 11.4 131.5 2,235 0.83 bbient core for 
28 daJs 
LABORATORY SPICI!i!S COHT!I!l!G 10 Ci!IMT COKP!CIID 
AT BIGB KOISTORI COMIIHIS 
NB-1 2 16.3 147.9 115 0.30 Om cure I 100 r 
for 1 daJS 
NB-2 · 16.3 147.8 525 0.34 Ove11 cure t 100 r 
for 1 days 
NB-3 16.3 141.3 !10 0. 31 Om cure I 100 r 
for 1 daiS 
NB-4 16.3 141.0 2,m 0.86 Albient cure for 
28 dOJS 
MB-5 16.3 141.4 2,535 1.20 Alblent cure for 
28 daiS 
MB-6 16.3 139.5 1,570 0.12 &lbient cure for 
28 da1s 
7 
-- 24.57 inches, and Sensor No. 4 -- 36.38 inches. 
Road Rater deflections were obtained at locations on a grid on 
the road surface. The grid and core locations are shown in Figure 
2. Deflections were obtained at approximately 10-foot intervals 
along the centerline of the pavement and along the centerline of 
each lane. Average deflections, by sensor location for each test 
series, are summarized in Table 3. In April, cores were obtained 
at Site 5 in the section containing no cement and at Site 10 in 
the section containing cement. In December, cores were obtained 
------''-" 
at Sites 2 and 4 in the section containing no cement and at Sites 
9 and 1 1  in the section containing cement. 
Destructive Testing 
Cores obtained from the experimental base were sealed in plastic 
sample bags for later testing. Cores obtained in April were 
tested on July 30, 1986; cores obtained in December were tested 
on May 28, 198 7. Compressive strength and elastic modulus tests 
were in general accordance with ASTM C-469. However, since the 
cores were only 4 inches in diameter, strain gages were attached 
to the samples in lieu of a compressometer. Results of this 
testing activity are presented in Table 4. 
The average 268-day compressive strength of the cores containing 
no cement was 5,320 psi; the cores containing cement had a n  
average compressive strength of only 3, 995 psi. This tends to 
indicate that the no-cement mix continues to develop strength 
over time due to the long-term hydration characteristics of the 
AFBC residue. The elastic modulus values for the specimens were 
similar, but values for cement mixes containing no cement were 
slightly higher, which seems to support the observation b y  
compressive strength tests that the no-cement section is somewhat 
stiffer than the section containing cement. 
The average 5 7 3-day compressive strength of the cores containing 
no cement was 3,825 psi, while the cores containing cement had an 
average compressive strength of only 3,985 psi. 
It would appear that the strength and elastic modulus of the 
s e c t i o n  having no ce ment a c t u a lly d e c r e a s e d  with t i m e .  
Inspection o f  the data in Table 4 ,  however, indicates a wide 
range of compressive strangths. This may be the nature of 
mixtures using by-product materials. It also may be hypothesized 
t h a t  s t r e n gt h s  decreased as a r e s u l t  o f  freeze and t h aw 
deterioration. Essentially no testing of durability properties 
has been conducted. 
The elastic stiffness values also are found in Table 4. As may be 
noted, the no-cement values are slightly higher, which would 
indicate that the no-cement section is somewhat stiffer than the 
section containing cement. This is consistent with earlier 
observations. The compressive strengths for the cores were even 
more i n c o n s i s t e n t  a n d  were n o t  c o n s i s t e n t  w i t h  e a r l i e r  
observations. A slight increase in elastic modulus was observed 
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Figure 2. Testing and Sampling Locations 
T!BLI 3. 5U!!!RY 01 DIIL!CIJO! !1!5URI!IN!S 
'"""'"'""""'""'""""'"'"'"""""""'"'""""""""""'"""""'""""'""'""'!"""""""""" 
DIIL!CTIOH !i!5URi!iN!5 (lncbeB 1 10 I 
------------------------------------------------------------
DYN!!IC LU!D IRiQUiHCY 51H5UR !U!BIR 
(lbl) (b) NO. I !0. 2 NO. 3 NO. I 
------------ ------------ ------------ ------------ ------------ ------------ !i!P 
SIC!! ON D!Ti L!Hi !!!! ST Dil !i!H ST Dil !i!H 5! DiV !liN 5! DIV !ill ST D!V !II! ST DIV (I) 
----------------------------------------------------------------------------------------------------------------------------------
Ceaeot 01/28/86 Left 603 5.0 25.1 0.0 55.8 2.0 19.0 2.5 38.0 2.0 26.8 3.0 92 
Center 599 6.1 25.1 0. 0 13.8 T .0 31.1 1.0 21.1 6.0 11.1 1.0 92 
Rlgbt 606 5.1 25.1 0.0 15.6 1. 0 31.2 10.0 21.8 8. 0 19.3 8.0 92 
Left 1, 235 10.0 25.1 o. 0 123.3 6. 0 111.0 3.0 90.0 5.0 66.5 1.0 92 
Center 1,232 12.5 25.1 0. 0 95.6 16.0 19.0 19.0 61.1 13.0 52.1 16.0 92 
Rigbt 1,232 11.n 25.1 0. 0 10o.6 15.! 88.8 28.0 65.6 16.0 51.1 28.0 92 
lo Ceaent 01/28/86 Left 603 5.0 25.1 0.0 co. 8 21.0 13.8 13.0 33.5 6.0 23.3 5.0 92 
Center 600 11.5 25.1 0.0 56.3 12.0 41.9 8.0 33.1 1.0 21.3 6.0 92 
Left 1,230 8.2 25.1 0. 0 128.5 30.0 112.8 33.0 80.3 13.0 63.3 2.0 92 
Center 1,229 6.9 25.1 0. 0 121.0 25.0 103.0 13.0 16.0 8.0 53.0 1.0 92 
Ce1eot 12/11/86 Left 600 25.1 0.0 60.3 T .0 56.1 8.1 18.8 9.3 18.0 6. 0 27 
Center 600 25.1 0.0 51.1 8.2 19.3 8.9 11.8 5.1 36.0 1.0 27 
Rlgbt 600 25.1 0.0 58. T 5.6 56.9 1.6 52.5 6.9 41.7 T .3 27 
Left 1,200 25.1 0. 0 103.1 11.9 93.7 15.2 18.7 11.0 71.0 27 
Center 1,200 25.1 0. 0 90.0 18.1 16. T 15.0 11.1 11.1 51.0 2.0 27 
Rigbt 1,200 25.1 0.0 99.9 12.3 92.8 11.0 82.5 15.5 58.5 0.5 27 
lo Ce1ent 12/11/86 Left 600 25.1 0.0 61.8 13.8 57.1 8.1 17.2 2.6 38.0 27 
Center 600 25.1 0.0 66.8 11.6 57.8 9.2 19.6 5.1 27 
iigbt 600 25.1 0. 0 88.0 26.2 13.1 25.3 60.6 13.3 27 
Left 1, 200 25.1 0.0 118.8 36.1 106.1 22.9 89.2 13.0 TU 3.5 21 
Center 1,200 25.1 0.0 121.1 28.3 109.1 18.8 86.6 16.3 21 
Rlgbt 1,200 25.1 0.0 159.1 55.8 126.6 11.2 98.8 26.1 27 
----------------------------------------------------------------------------------------------------------------------------------
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T!BL! I. CO!PR!SSIV! STR!!GTHS !KO !L!STIC !OOOLI 
or ri!LD SP!Cl!!KS 
::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::: 
!G! !I CO!PR!SSIV! !L!SI!C om 
��-Bil!l--Slfii&TH- !ODOL�HGB 
MO!BiR (d"'l (pol) (palt 10 ) (pel) 
-----------------------------------------------------------
SP!Cl!!KS COKI!l!l!G Ci!!KI 
11-2 28 2,255 0.60 116.2 
11-3 28 2, l15 0.12 113.0 
IH 28 2,825 0.85 112.8 
11-5 28 2,615 l. 00 111.2 
11-6 28 2,925 l.OO l39.0 
Average 28 2,510 0.83 113.0 
lO-R 268 1,810 0.91 111.l 
16-CL 268 3,830 0.10 112.1 
10-L 268 3,280 0. 50 113.1 
be rage 268 3,995 0.12 112.3 
9-L 5!3 1,395 1.69 113.2 
9-B 513 5, 015 1.51 112 .I 
11-L 513 2,155 l. 03 112.5 
11-1 513 3,155 1.19 139 .I 
be rage 513 3,985 1.15 112.0 
SP!Cl!!KS COII!IK!KG KO C!!!KI 
11-9 28 1,315 u.l6 131.8 
11-10 28 1,580 0. 56 131.2 
Average 28 1,180 0. 50 131.5 
5-CL 268 5,025 0.16 110.6 
5-L 268 5,620 0.18 111.1 
A'erage 268 5,320 0.11 112.6 
1-CL 573 6, 015 1.11 113.1 
1-L 5!3 2,930 0.11 111.1 
2-L 513 2,115 l.9! 110.8 
Average 573 3,825 2.11 112.9 
-----------------------------------------------------------
lO 
for the second series of cores relative to the first; whereas, 
the compressive strengths indicated the opposite. Earlier 
observations indicated that the no-cement mixture had higher 
compressive strengths at 268 days. However, at 5 7 3  days the 
compressive strengths of the two mixtures were nearly the same. 
It also must be noted that the data set is extremely small. 
The changes in compressive strengths and elastic moduli for the 
field specimens with time are illustrated in Table 4. The 28-day 
------"-s1!1ecimens were molded in the field at the field moisture content 
and cured at room temperature. The remaining samples are cores 
obtained during April and December 1986. The cores were stored in 
sealed plastic bags until they were tested. 
ANALYSIS OF DEFLECTION DATA 
For a given test date, dynamic load, and pavement temperature, 
there was no appreciable difference in magnitude of deflections 
(Table 3) for the section containing cement versus the section 
where cement was excluded from the mixture. There appears to be 
a slight increase in deflections for measurements obtained during 
December 1986 compared with those obtained in April 1986. This 
w as not e x p e c t e d  b e c a u s e  o f  the lower temp erature of the 
asphaltic concrete and the associated greater stiffness o f  
asphalt in December (27 F) versus that in April (92 F). Since 
laboratory tests indicated a near doubling of the static chord 
modulus for the AFBC concrete from April 1986 to December 1986 
(see Table 3 ), it was reasoned that the difference in field 
deflections is attributable to a weakening of the subgrade 
support in December 1986. 
De flection measurements were used to estimate the effective 
modulus of elasticity of the subgrade for each series of tests 
(6, 7 ,  8 ). S i n c e  t h e r e  w a s  no a p p re c i a b l e  d i f f e r e n c e  in 
deflections for the cement versus the no-cement sections, it was 
decided to analyze all data (by test date and lane). Results of 
those analyses are summarized in Table 5. 
Laboratory tests of the asphaltic concrete indicated a resilient 
m o d u l u s  o f  2 3 0 ,0 0 0  p s i  a t  8 0  F a n d  1 /2 Hertz frequ e n c y  o f  
loading. This value was adjusted to a 7 0  F mean pavement 
t e mp e r a t u r e  a n d  25 Her t z  frequency o f  l o a d i n g  (6, 8 ). T h e  
ad justed resilient modulus of elasticity was estimated as 800,000 
psi. 
The static chord moduli for 
were averaged (Table 5) for 
estimating an average modulus 
the cement and 
each test date 
of elasticity 
no-cement sections 
for the purpose of 
for the subgrade: 
Test Series 4/28/1986 (268 days): 
0, 7 5  X 106 Average E (AFBC) = 
Test Series 12/11/1986 (57 3  days): 
Average E (AFBC) = 1.84 X 106 
ll 
!!BLI 5. ii!LU!!IOK 0! Di!LIC!IOK !i!SUBI!IK!S UKDIR 
DYK!!IC LO!D 0! 600 lbf 
'"'""'"""""'""'"'"""""""'""'""""'"i"""'" 
l!f!C!IIi L!YIR !ODDLI (psi 1 10 I 
L!YIR 1 L!YIR 2 L!YIR 3 
!SPH!LI !!BC COKCRI!I !R!F!!C 
om L!KI 13 in.)l 16 in.)ll BOUKD 
04/28/86 Left 0.8 
01/28/86 Center 0.8 
01/28/86 Bight 0.8 
12/11/86 Left 0.8 
12/11/86 Center 0.8 
12/11/86 iigbt 0.8 
0.15 
0.75 
0. 75 
1.81 
1.81 
1.81 
U20136 
0.025317 
0. 025665 
Average 
St Dev 
0.015206 
0.018191 
0.018755 
L!!IR 4 
5UBGR!DI 
51!1-!!!1!1!1 
o.oom 
0.00870 
0. 00885 
0.00803 
0.00105 
0.00165 
0. 00585 
0. 00605 
berage n. 0�52 
5t Dev 0. 0062 
I Laboratory reailient
6
oodulus I 80°! I 1/2 h frequenc1 of 
1:::::::,; :;l!t:/�
6
10
°
! I 25 h frequency of 
loading ' 0.80 1 10 
u herage laboratorr-deterlined static chord 1oduli for 
AFBC concrete base larer (includes ce1ent and no-ceJent 
sections) 
l2 
The Chevron N-Layer computer program for elastic layer 
analysis was used to simulate deflections for a range of elastic 
moduli for each layer and constructed thickness of the total 
pavement structure (6, 7, 8). The measured deflections (ad justed 
to a 70 F mean pavement temperature), the laboratory resilient 
modulus for the asphaltic concrete (adjusted to a mean pavement 
temperature of 70 F and 25 Hertz frequency of loading), and the 
average moduli of elasticity for the AFBC concrete were used to 
--------=dc-cec
-t=ec
o
r'-'m=i�n� e the effective modulus of the subgrade that results in a 
simulated deflection basin matching the mean measured deflection 
basin for each test date and lane. Results of those analyses are 
summarized in Table 5 for the nominal 600-lbf dynamic loading. 
Deflection analyses also confirm the relatively stiff elastic 
modulus, as compared with conventional materials, observed from 
laboratory analyses. Consider an average deflection basin for 
e a c h  t e s t  d a t e  f r o m  Tab l e  5. U s i n g  t h e  measured s u r f a c e  
temperature and 5-day average air temperature, the mean pavement 
temperature may be estimated for each series of tests. The mean 
pavement temperature may be used to ad just measured deflections 
to a 70 F reference mean pavement temperature (6, 8). Mean 
measured deflections, surface temperatures, ad justment factors, 
a n d  m e a n  ad justed deflections f o r  t h e  two t e s t  s e r i e s  a r e  
presented below: 
Test date: 04/28/86 
Mean pavement surface temperature: 92.0 F 
5 -day average air temperature: 60.8 F 
Sensor No.1 Sensor No.2 Sensor No.3 
Unadjusted Deflections 
100.6 88.8 
Adjustment Factors 
0.89 0.97 
(inches x 10-5 ) 
65.6 
Ad justed Deflections (inches 
1. 00 
X 106) 
65.6 89.5 86.1 
Test date: 12/ 1 1/86 
Mean pavement surface temperature: 27.0 F 
5-day average air temperature: 41.1 F 
Sensor No.1 Sensor No.2 Sensor No.3 
Unadjusted Deflections 
99.9 92.8 
Adjustment Factors 
1.5 1.4 
(inches x 10-5) 
82.5 
Ad justed Deflections (inches 
1.3 
X 106) 
107.3 150.0 129.9 
Sensor No.4 
51.7 
1. 00 
51.7 
Sensor No.4 
58.5 
1.2 
70.2 
Adjusted deflections may be compared to theoretical deflections 
(determined from elastic layer analyses) for a pavement structure 
having the same layer thickness as the AFBC concrete base section 
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but having corresponding elastic moduli (E ) for conventional 
crushed s t o n e  mate rials. A typical deflection basin f o r  
conventional materials follows: 
Layer 1 = 3 inches Asphaltic Concrete: 
E (AC) = 0.24 x 106 psi @ 1/2 Hz 
E (AC) = 0.80 x 106 psi @ 25 Hz 
Layer 2 6 inches Crushed Stone: E (CS) = 0.0 19 x 106 psi 
Layer 3 - Compacted Subgrade: E (SUB) - 0.006 x lO!) psi 
Simulated Deflection Basin 
Sensor No. 1 Sensor No. 
193 133 
(inches x 10 -5) 
2 Sensor No. 3 
80 
Sensor No. 4 
52 
A comparison of adjusted deflections for the test sections with 
s i m u l a t e d  d e f l e c t i o n s  f o r  t h e  s a m e  l a y e r  t h i c k n e s s  o f  
conventional materials (asphaltic concrete and crushed stone) 
clearly indicates superior structural performance for the 
experimental pavement structure. Research is continuing for 
procedures to predict the expected fatigue life for pavements 
using this material. Preliminary analyses indicate the 3-inch 
asphaltic concrete and 6-inch AFBC concrete on a 6,000-psi 
(modulus) subgrade would be expected to have a fatigue life of 1 
x 105 repetitions of an 18,000-pound equivalent single axleload 
(ESAL) (10). The same thickness of asphaltic concrete and crushed 
stone would be expected to withstand only 10,000 repititions of 
an 18,000-pound ESAL. Thus, the AFBC concrete base is apparently 
providing an increase in pavement fatigue life of 10 times that 
of the same thickness of conventional materials. Research is 
continuing to investigate the long-term performance of the test 
section. Preliminary results do appear promising. 
CONCLUSIONS 
B ased upon findings of laboratory evaluations and construction 
monitoring activities the following conclusions are offered: 
1 .  Compressive strengths and elastic moduli of AFBC are 
c o m p a r a b l e  t o  a n d  i n  m a n y  i n s t a n c e s  e x c e e d  v a l u e s  f o r  
conventional pozzolanic materials. This appears to indicate the 
AFBC concrete has application as a roadway base material. The 
cementing properties futher indicate potential for pavement 
subbase and subgrade stabilization. Tests strengths and moduli 
exceed those for other pozzolanic mixtures used in Kentucky. 
There are indications the material may be usable in base and 
subbase construction. 
2. The addition of 1.5 percent cement to the blend of AFBC 
residue, fly ash, and aggregate appeared to provide some early 
strength. Subsequent testing did not provide evidence of any 
long-term benefits by adding the small amount of portland cement 
to the blend, although the available data set was small. Field 
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testing and analyses of cores obtained from the site appear to 
support this conclusion. Tests indicate that curing influences 
the strength gain characteristics of the material. Moisture 
retention is i m p o r t a n t  f o r  e a r l y  s t r e n g t h  gain. Use of a 
bituminous curing seal is recommended. Use of this material 
probably should be limited to a specified construction season. 
Limitations for the dates of such a season have not yet been 
developed. 
3. Problems were encountered with handling the plastic 
material during construction. Materials for this project were 
blended in a concrete batch plant. There appeared to be a problem 
with the addition of water during the transportation phase. The 
additional water may reduce the strength of the mixture slightly. 
A more difficult problem may be that of compaction of the plastic 
base material. Placement of the material using an aggregate 
spreader box may permit the use of "drier" mixtures (containing 
sufficient water foar hydration and for workability) and may 
minimize some of the above construction problems. 
4. De flection analyses indicate s u perior p e r f o rmance 
relative to conventional unbound crushed stone base materials. 
Long-term performance remains to be confirmed. Preliminary 
results are promising. A report detailing long-term performance 
will be prepared when sufficient data can be assembled and 
evaluated. 
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